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Abstract 
Multiple sequence alignment is one of the most important topics in computational biology, but it cannot deal with the 
large data so far. As the development of copy-number variant(CNV) and Single Nucleotide Polymorphisms(SNP) 
research, many researchers want to align numbers of similar sequences for detecting CNV and SNP. In this paper, we 
propose a novel multiple sequence alignment algorithm based on affine gap penalty and k-band. It can align more 
quickly and accurately, that will be helpful for mining CNV and SNP. Experiments prove the performance of our 
algorithm. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction 
To make an alignment of two or more DNA sequences means a basic operation to compare the 
sequences, which is a way of placing one sequence above the other in order to make clear the 
correspondence between similar characters or substrings from the sequences. It is one of the most 
basic topics of bioinformatics research, which has significant effects on analyzing gene and the 
relationship of species’ evolution, comparing gene and conservative components in regulatory 
regions, comparative analyzing the secondary structure of transcription products and finding out 
polymorphism sites to mark the molecules.  
At present, the main means of multiple DNA sequence alignment are center star alignment and 
tree alignment. Center star alignment is polynomial time-spending, which runs quickly, but the 
performance of comparison is not good. Tree alignment is exponential time-spending, which runs 
slower, yet the performance of comparison is better. The present software tools of Multiple Sequence 
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Alignment are mainly the Clustal series and the T-coffee series. Though they can better align the 
DNA sequences with poor homology, they cannot process vast amount of data with their own 
limitations when the number of sequences is large. With the development of Next Generation 
Sequencing and the rise of personal genomics, finding Single Nucleotide Polymorphisms (SNP) and 
copy-number variant (CNV) has become one of the important research fields of Computational 
Molecular Biology. Researchers manage to find out SNP and CNV by comparing several similar 
DNA sequences. The present methods or software cannot process hundreds of DNA sequences 
effectively, thus the main method in finding SNP is by analyzing the Sequencing Map. Based on the 
situation that sequences in comparison are mostly homologous and highly similar when finding SNP, 
this paper presents a method of multiple sequence alignment algorithm with consideration of affine 
gap penalty and K-band. Taking affine gap penalty into consideration is to improve the effect of 
comparison and taking K-band into consideration is to take advantage of the high similarity of 
sequences and to decrease the time and space spending. The experiment have proven that the method 
presented in this paper can process large amount of similar sequences in a short time, which provides 
a foundation of finding the Molecular markers such as SNP, CNV. 
2. Method 
Since we aim at the similar sequences and expect to find a multiple sequence alignment 
algorithm which can decrease the time and space spending, we use center star alignment to change 
the multiple sequence alignment to bi-sequence alignment. In the process of bi-sequence alignment, 
we combine K-band and affine gap penalty to make the comparison. 
2.1 The Strategy of Affine Gap Penalty and K-Band 
For DNA sequences alignment problems, the point of view of evolution generally considers: 
appearing consecutive spaces is better than appearing the same amounts of separated spaces. Thus, 
we usually use affine gap penalty to calculate the score of comparison, which means that when 
appearing interspaces (the longest consecutive blank space), its penalty is g and after that, every 
blank’s penalty is s. In this way, the penalty of consecutive k spaces is g+ks, while the penalty of 
separated k spaces is k*(g+s). With affine gap penalty, the inserted blank space can be more 
consecutive, which makes the comparison of DNA sequences more meaningful for biology. 
For double sequence alignment, we can apply dynamic programming to get the highest score 
comparison. If regarding affine gap penalty as the standard for evaluation, we need three matrixes to 
record the tables of dynamic programming. After finishing the tables of dynamic programming, we 
need to backtrack from the end of table back to the head of table, and then we can find the most 
suitable comparison method. However, for the similar sequences, the backtracking often runs along 
the diagonal, so the lower left quarter and the upper right quarter in dynamic programming table are 
not taken consideration. In this case, someone proposed that we only need to calculate the band of 
which the width is k nearby the diagonal, and this is called the K-band strategy. 
Assume that the lengths of two DNA sequences are m and n respectively (m is the longer 
length), therefore there will be at least m-n spaces that corresponds with characters and we need to 
calculate at least a band with a width of m-n. If this width is not enough, we will extend the width of 
k to the left and to the right, respectively. Then we compare the result with the one without extension, 
if the effect after extension is enhanced, that means it is necessary to extend until the effect is not 
longer improved. In this case, the most suitable backtracking has been included in the k band, we can 
stop the extension, and the k band we get is the dynamic programming table we need to calculate, as 
is shown in Picture One. In practical calculation, the shape of K-band area in Picture One is irregular; 
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we extend the top of the band and turn it into a parallelogram as is shown in Picture Two. Then we 
can use a two-dimensional array (2k+m-n)*n to store the data, which will effectively save the space 
compared to the dynamic programming table of m*n.  
2.2 The Space-saving Method of Center Star Alignment 
The traditional center star alignment requires every sequence compare with each other and 
calculate the degree of similarity, and then find out the sequence of center star which is most similar 
with other ones. For k sequences, it requires k2/2 times comparison as well as k*k double 
dimensional array to store distance matrix, which obviously costs lots of time and space. In order to 
improve the effect of comparison, we try to find out the center star sequence. But if the sequences 
which need to be compared are similar, no matter regarding which sequence as center star sequence, 
the result will be very similar. Thus, we can skip this procedure in order to save time and space 
spending.  
For similar homologous DNA sequences, the method of article sets the first sequence as the 
center star sequence. Comparing this sequence respectively with other ones, we record the positions 
of every inserted blank space, which can be stored by writing in files in order to save the spending of 
memory. Set the first sequence length as m, then we have m+1 positions which are at beginning, at 
end and between each of these characters to insert gap. After comparison, considering the blank 
spaces which are inserted when the first sequence compares with each other sequence, we record the 
largest numbers of blank spaces inserted in every gaps during the comparison. Then m basic groups 
and m+1 gaps make up the finally result of the comparison of first sequence (center start sequence). 
After getting the compared center star sequence, we compare this sequence respectively with other 
ones to get the final result of comparison. It's worth noting that after inserting all blank spaces into 
the center star sequence, the sequence is longer than any other ones, which means that it is not 
allowed to insert any blank spaces into the center star sequence in the final comparison. The 
dynamic programming table shown in figure 1 only allows back tracking forward or towards the top 
left corner, but not upward.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig 1 The dynamic programming table for k-band 
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Fig 2 The real memory for dynamic programming table 
2.3 Analysis of complexity of algorithm 
Assume that the number of sequences is k, the average of length is m. Since these are similar 
sequences, the width of band in K-band is supposed to close to constant. Therefore time and the 
space overhead of the comparison of two sequences can be assumed to be O(m) and the time spent 
on the comparison between the first sequence and the other sequences was O(km). Because these 
comparisons were made in turn, and the results were stored in files, the space overhead was O(m). 
After comparisons, I synthesized the results which amounts to do the comparisons for k times with 
the first sequences, so the time overhead was still O(km) and the space overhead was still O(m). And 
for the last comparison, the overhead was the same as the first one. In this case, the whole 
algorithm’s time overhead was O(km) and the space overhead was O(m). 
In particular, for large amount of DNA data, it is more important in saving space than saving 
time. This is because it is acceptable as long as the running time is not of magnitude. Yet once there 
comes square level of space overhead, that means an ordinary PC cannot deal with this process. 
Since the DNA sequences are calculated in megabytes while the PC memory is regularly 1G, even 
with linear space overhead, we still need to control the above coefficients. That is why in this 
algorithm the comparison results were stored in files, or else the space overhead is up to O(k2m). 
Once k is up to dozens, the program cannot run. 
3. Experiment 
To verify the effectiveness of the algorithm above, we use the data of human mitochondrial 
gene for Multiple Sequence Alignment. The length of human mitochondrial gene is approximate 16k 
bp, some of the SNP loci are considered strongly linked to Parkinson’s disease and Alzheimer’s 
disease. 
The data we used in the experiment are from 
http://mtsnp.tmig.or.jp/mtsnp/search_mtDNA_sequence_e.html. In this paper, we select three groups 
of data of mitochondrial gene; each of the group has 96 sequences. The three groups of 
mitochondrial gene come from normal people, people with Parkinson’s disease and people with 
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Alzheimer’s disease respectively. Apparently, the traditional way of center star alignment cannot 
process this amount of data which contains about 100 pieces of 10k-size data on ordinary PC. 
There are comparisons of time and effect among the software we developed, Clustalw and 
center star alignment based on the tree of key words. This experiment is operated on a Windows XP 
system with a processor of Pentium Dual-Core of which basic frequency is 2.8 GHz and with a 
2G-memory. The comparisons are shown in Table 1. We can conclude from Table 1 that the method 
presented can effectively shorten the running time while ensuring the SP value. 
 
Table 1: Comparison of performance of 3 algorithms on human mtDNA 
 
Data 
Performance 
Indicators 
The method 
presented 
Center star alignment based on 
the tree of key words 
Clustalw 
 
Normal People 
Running time 13.797 sec 66.938 sec More than 15 hours 
SP Value 181692 181819 182780 
People with 
Parkinson’s 
disease 
Running time 26.359 sec 56.765 sec More than 15 hours 
SP Value 184985 183370 185447 
People with 
Alzheimer’s 
disease 
Running time 26.406 sec 65.047 sec More than 15 hours 
SP Value 192963 189593 194142 
 
The SP (sum of pairs) value is an important parameter to measure the effect of Multiple 
Sequence Alignment, which means the sum of scores of the comparison between each pair of 
sequences. The sum of scores of the comparison between each pair of sequences is the sum of scores 
of comparison of a pair of loci. For a pair of loci, if the two characters are the same, then the score is 
0, and if not, the score is 1. We can see that the lower the value of SP, the better effectiveness of 
comparison is. However, the SP value does not take the penalty gap into consideration while the 
penalty gap has more biological significance. 
4. Conclusion 
In this paper, we combine K-band and affine gap penalty to make the comparison of large 
amount of similar sequences when ensuring the effectiveness and decreasing the time and space 
spending. The data from the experiment of human mtDNA has demonstrated the effectiveness of 
method the article presents. And this will lay a foundation of finding SNP, CNV as well as homology 
analysis, personalize medicine and prediction of genetic diseases. 
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We also developed software based on the arithmetic presented which can be tested and used by 
peers in bioinformatics. The software, source code and data in experiment can be downloaded at 
http://nclab.hit.edu.cn/~zouquan/MSA. 
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